In this study, the toxic effects of ten food preservatives (sorbic acid, potassium sorbate, benzoic acid, sodium benzoate, potassium acetate, sodium metabisulphite, potassium metabisulphite, sodium tetraborate, sodium sulphite and boric acid) on the longevity and percentage of survival were investigated. Wild type of Drosophila melanogaster was used in experiments. Third-instars larvae were treated of the test compounds at concentrations of 5ppm, 10ppm, 15ppm, 20ppm. As a result, all used treatment concentrations were found to reduces the percentage of survival and longevity compared to the control group.
INTRODUCTION
Human beings are often exposed to a wide variety of substances likely to cause toxic, genotoxic or carcinogenic hazards. The most important of all of these substances are food additives. Food additives are contained within a wide variety of products we frequently consume in our daily lives for the purpose of prolonging the shelf life of products, increasing their flavor and preserving them against microorganisms. The use of these additives have been enacted by the laws. However, the consumption of such products in large amounts and for longer periods of time bring with it a number of health problems, as well. It is reported by scientists that several diseases, notably obesity and cancer, are likely to develop particularly in children and in young people in the years ahead who consume such products containing food additives. Food preservatives that have an important place among these food additives are used in many various products. Such substances may be effective in different ways; a. by inhibiting the DNA and protein synthesis by affecting the genetic systems of unwanted microorganisms, b. by causing a cell destabilization by affecting the cell walls and cell membranes of microorganisms, and c. by hindering the reproduction of microorganisms through enzyme inhibition.
Food preservatives, apart from being used in a great variety of foods, such as dairy products, fruit juice and canned foods, are also used in pharmaceuticals, personal care products (PCPs), cosmetics and other industrial products. Those with the widest area of use are the sorbic acid and salts, benzoic acid and salts, sulfides, nitrites and nitrates, acetates and parabens. Of these substances, the sorbic acid, potassium sorbate, benzoic acid, sodium benzoate, sodium metabisulphite, potassium metabisulphite, sodium sulphide, boric acid, sodium tetraborate and potassium acetate have been preferred as the materials of this study since they are widely used in a number of products that have places in our daily lives.
A number of test methods and model organisms are used in determining the toxic, genotoxic and mutagenic effects of any substance within a living thing. One of these is D. melanogaster, which is an organism used often in genotoxic studies. SMART (somatic mutation and recombination tests), longevity and percentage of survival analyses play an important part in the studies conducted on Drosophila. Drosophila genom sequence analysis has shown that more than 60% of the genes determined in human diseases were orthologs of Drosophila. In addition to this characteristic, Drosophila is preferred in many genotoxic and mutagenic studies due to the fact that it has a short life cycle, it is easily bred and reproduces in great numbers, and its phenotypic variations can easily be observed [1] [2] [3] . Apart from these fields of study, Drosophila is also the model organism often preferred in the researches concerned with the aging process [4] [5] [6] [7] [8] [9] [10] . Considering all of these advantages, in our research, Drosophila melanogaster was preferred as the model organism in determining the toxic effects of the food preservatives that are frequently used in the food industry and that we are and will be exposed to all through our lives.
In this study, by applying 5, 10, 15 and 20 ppm doses of 10 different food preservatives, the toxic effects of which we investigated in this study, on the D. melanogaster medium, it was aimed that the effects of these substances on the life span and the percentage of survival be examined and analyzed.
MATERIAL and METHOD
Flies belonging to the Oregon R wild-type strain of D. melanogaster were used in the experiments. The stock of this fly had been maintained over several years in the laboratory of the Department of Biology, Cumhuriyet University, Sivas, and is highly inbred with little genetic variation. The flies were maintained at a constant temperature of 25°C ± 1°C on a standard medium composed of maize flour, agar, sucrose, dried yeast, and propionic acid (Standard Drosophila Medium; SDM). The flies were kept in the dark, except during the transfer onto fresh medium (usually twice a week). The humidity of the experimental chamber was 40-60%, and the female flies used in this experiment were virgins. 
Chemicals

EXPERIMENTS on LONGEVITY
The effect of food preservatives on longevity were separately studied on female and male populations. To that end, pre-stocks were formed. Starting from the date when crossbreeding was performed, the parents were taken away on the day the pupa appeared. For each of the experimental groups, an average of 100 individuals were collected out of the unmated ♀♀ and ♂♂ flies emerging from the pupa, which were of the same age (1-3 days). The collected individuals were put into the empty 250 ml-culture bottles and were left hungry for 2 hours prior to the application. For the groups of administration/application, a 25g of standard medium was placed into each culture bottle and 5 ml of food preservatives prepared at different concentrations were added onto it. The individuals taken into the administration bottles were left within this medium for 2 hours.
Following the application, 100 individuals gathered in a single bottle for the applications were separated as 25 individuals each (♀♀ and ♂♂ separately) by being put into the culture bottles which had a standard medium within. Throughout the experiment, the nutrients were refreshed twice a week (on Mondays and Thursdays). The number of the individuals were checked at the beginning and end of each application day, and the perished individuals were recorded and then removed from the medium. This practice was continued in each experimental and control group until the last individual within the group perished.
EXPERIMENTS on the PERCENTAGE of SURVIVAL
3 days after crossbreeding the 5-day-virgin females and the males of the same age obtained from the Drosophila cultures, third instar larvae were obtained from the eggs collected at 4-hourintervals. For the administration groups, a 10 g of medium was put into each culture bottle, and 6 ml of food preservatives prepared at different concentrations was added onto it. The larvae taken from the standard nutrient media and then washed up were buried in groups of 100 into the chemicaladded mediums. The larvae taken into the standard instant mediums containing chemicals were left to complete their developmental stage. The mature individuals emerging from the pupas were etherized under the dissection microscope according to their genders and phenotypes. Each dose administration was repeated three times. The count lasted for seven days, starting from the time when the first individual emerged from the pupa.
Statistic
The data obtained were analyzed by using SPSS (version 15.0). One-way analysis of variance and Duncan's multiple-range test were used for the mean longevity values of the control and applications groups.
RESULTS
In the present study, the changes in the longevity of D. melanogaster, which were exposed to food preservatives at different treatment doses, were investigated. The lethal concentration 50 (LC50) value for these preservatives was 30 ppm. The concentrations below the LC50 value, namely, 5, 10, 15 and 20 ppm were tested in the experiments. Tables 1 and Figures 1 and 2 show the effect of different concentrations of sorbic acid, potassium sorbate, benzoic acid, sodium benzoate, potassium metabisulphite, sodium metabisulphite, sodium sulphide, boric acid, sodium tetraborate and potassium acetate on longevity. In this study, we determined that these food preservatives decreased the maximum mean life-span of the female and male D. melanogaster populations in comparison with the control groups not exposed to the chemicals. The maximum life span of this fly was 50-68 days for the female flies and 54-64 days for the male flies in the control groups. For female flies, the difference between the control and application groups was statistically significant (p˂0.05) exposed to sorbic acid, potassium sorbate, benzoic acid, potassium metabisulphite, sodium metabisulphite, sodium sulphide, boric acid, sodium tetraborate and potassium acetate. However, for sodium benzoate, there was no significant difference between maximum life span of the female flies from the control group and 5 ppm application group. For the male flies, the difference between the control and the other application goups was statistically significant to exposed to nine food preservatives (Except for boric acid).
In D. melanogaster, the effects of food preservatives on the percentage of survival are seen in Table 2 and Figure 2 . When the survival percentages of D. melanogaster individuals in the experimental groups are compared with those in the control groups, it was ascertained that there were statistically significant differences between them. The substances that were examined and studied generally minimized the survival percent when compared with the control groups, which, however, did not take place in parallel to the dose increase. As will also be seen from the table, there is no difference between the control groups and the others, except for that 10 ppm-dose of potassium acetate. 
DISCUSSION and CONCLUSION
In this study, the effects of the food preservatives used in foods and various cosmetic products, such as sorbic acid, potassium sorbate, benzoic acid, sodium benzoate, potassium metabisulphite, sodium metabisulphite, sodium sulphide, boric acid, sodium tetraborate and potassium acetate, on the longevity and percentage of survival of D. melanogaster were investigated.
In a study conducted by Sarıkaya and Solak [11] , where the genotoxic effect of benzoic acid on D. melanogaster was researched through the somatic mutation and recombination tests, it was stated that there had been an increase in the wing mutations of D. melanogaster with the different concentrations of the chemical in question. In another study performed by Sarıkaya and Çakır [12] , the genotoxic effects of 4 food preservatives on Drosophila were examined via SMART, and all the chemicals used in this process were determined to have shown a toxic effect. Sarıkaya et al., [7] researched into the effects of sodium nitrite, sodium nitrate, potassium nitrite and potassium nitrate on the length of life in Drosophila, and as the result of the study, the substance with the lowest rate of life span was determined to be sodium nitrite.
It was suggested by Stallings et al., [13] that the chromium picolinate in D. melanogaster had caused a decrease in the number of mature individuals, a decline in the length of life and anomalies in polytene chromosomes.
Demir et al., [14] researched into the effects of benzyl alcohol used as a food additive on D. melanogaster, and determined that the concentration of 50 mM had led to mutation.
Erciyas and Sarıkaya [15] applied the SMART method in order to investigate the genotoxic effect of sodium fluoride, and as the result of the study, they determined that this substance had shown toxic and genotoxic effects at 5 and 10 g/ mldoses. In another study conducted on food dyes, the effects of 5 food dyes at different concentrations on the survival percent of D. melanogaster were investigated by Sarıkaya [16] and of these dyes, erythrosine was suggested to have affected the longevity more than the others.
On the other hand, in another study conducted by Deepa et al., [17] the effect of benzaldehyde -which is used to give aroma to foods-on D. melanogaster was examined via SMART, and as the result of the study, this substance was determined to have mutagenic and genotoxic effects.
In this study we have conducted, the data obtained for the percentage of survival and the longevity can be seen in the Tables 1-2 and Figures 1-2 . Whereas, in some groups of administration, the control group had the highest percentage of survival and the longevity, this condition seemed to be the other way round in some others. The female individuals had more longevity compared to the male ones. When the data are examined and analyzed, the substance with the most impact on the longevity is sorbic acid for the female ones, whereas that substance for the male ones is sodium benzoate. The substances with the least impact, on the other hand, are potassium acetate in females and potassium metabisulphite in males. Of the substances we used, the sorbic acid had the greatest impact on the survival percent of females, whereas the substance with the greatest impact in males was sodium benzoate. It was seen that potassium sulphate in females had the least impact on their survival percent, whereas in males, potassium acetate had an impact in the same direction.
Considering the factors affecting longevity and percentage of survival, the outside factors, such as temperature, nutrition, radiation and population density are effective in Drosophila as well as the inner factors like maternal age, fecundity, micro and macrogametes and genetic structure [18, 19, 20] .
The metabolic rates of poikilothermic living creatures, particularly insects, are greatly affected by the environmental temperature. The longevity of such creatures are shortened by the fact that the environmental temperature rises up. In other words, the longevity and temperature are inversely correlated [19, 21, 22 ].
Economus and Lints [23] reported that the optimum temperature range for female and male Drosophila individuals was between 16-29 °C, and that the number of mortalities below 12 °C and also below and above 32,5 °C had sharply increased.
In this study, the stocks and experimental groups were kept in a refrigerated incubator in a humid environment of 25 ± 1 ºC and 40-60% throughout the experiments. In this way, the effect of temperature on the length of life was standardized.
In a study conducted by Fred and Timothy [24] on 10 Drosophila populations, it was found that within a nutrient medium with brewer's yeast, the length of life had increased once there was no metabolic waste. Therefore, the frequent renewal of the nutrient medium has a life-extending effect in this sense.
Also in this study conducted on food additives, the Drosophila instant medium of the flies included within all the groups were changed on the same day twice a week, and the metabolic wastes were disposed of from the environment.
The studies performed so far have suggested that the type of a nutrient affects the length of life in Drosophila. It is reported that in Drosophila, the development takes place normally within the nutrient medium containing 1% of agar at very low concentrations, and that the mortality rate remains at a lower level, while the mature ones almost never lay any eggs and do not survive longer under these circumstances. Whereas, it is argued that the males live the longest at an 8% -concentration, and that the least difference is seen in the length of life between the sexes. It was determined in Drosophila that only the sugared diet increased the mortality rate but reduced the egg-laying process; on the other hand, when the rate of brewer's yeast is increased more, the mortality rate and egg-laying increased along with it, as well [25] . The nutrition in Drosophila affects both the length of life in male and female individuals and the efficiency in the egg-laying process [26] . Hence, in this study, the standard Lewis instant medium was used throughout the experimental process. The amount of sugar, brewer's yeast, agar and cornflour used within this medium are known, and the medium is a standard one.
It was determined that the egg-laying process in D. melanogaster affected the length of life in a negative way and that the sterile females survived longer than the nonsterile ones [27] . In a study conducted on D. melanogaster, early mating and early egg-laying process were determined to have decreased the length of life [5, 28, 29] . Separately, it is known that the maternal age has also an impact on the length of life. For this reason, in this study, additives were administered into the larvae obtained as the result of mating the female and male individuals of the same age that had never mated before. As the result of this application, by also collecting the flies emerging from the pupa at 4-hour-intervals, they were prevented from mating with each other. Since all the individuals used during the experiments performed on the length of life had never mated before, there was no error in monitoring the population in numbers.
In a study conducted by Koç and Gülel [30] , on D. melanogaster, it was pointed out that the metabolic rate in the individuals fed by the same type of nutrient at the same temperature but exposed to different photoperiodic conditions was different and that this situation affected the length of life in D. melanogaster, as well. In this study, however, while the D. melanogaster individuals used during the experiments were being transferred only in the course of the food-switching process, they were taken out of the incubation and were kept in the medium of dark incubation for 24 hours, thanks to which the effect of lighting on the length of life was tried to be eliminated.
Mating and egg-laying reproduction are the factors that affect the aging process. In general, it is reported that mating and egg-laying at higher levels reduce the survival percent of females [31] . In one of the studies conducted by Tatar et al., [32] it was stated that mating and egg-laying reproduction increased the mortality rate peculiar to age in the female bees of Callosobruchus maculates species and accelerated the senescence. In a study conducted on D. melanogaster, it was determined that when there was a decrease in the early egg reproduction, the mortality rates and the early mortality rates in females decreased, as well [33] . In a study conducted on D. melanogaster males, the reproductive process was found to have affected the mortality rate. According to this study, the mortality rates of the males that reproduced were more than those which did not [34] . In a similar study, mating was found to have shortened the length of life in male Drosophila [28] . In another study, on the other hand, the effect of mating on the length of life in the wild D. melanogaster species of Oregon and Canton S breeds was investigated. It was found that while the CS males that mated lived much longer than those which did not, the females that mated had shorter life spans compared to the virgin ones. Whereas similar results were also determined for the OR females, no difference could be found in males [35] .
It is seen in the studies investigating the interaction between sexes and the length of life that Drosophila males are generally seen to have shorter life spans than the female ones. As the result of the study conducted by Lints et al., [36] it was concluded that the females usually survived longer than the male ones. Yet, the studies conducted on various Drosophila breeds were seen to have weakened this generalization.
For instance, in a study conducted by Iliadi et al., [35] the D. melanogaster females of Oregon breed were determined to have survived much longer than the male ones. However, such a difference could not be observed in the Canton S breed researched in this matter. In a study conducted by Ünlü [18] , on the other hand, the males of Oregon breed survived longer than the female ones, whereas the females of vermilion and miniature mutants lived longer than the male ones.
The genes on DNA, which is a molecule governing the cell, and thus, the organism, and several changes taking place on these genes have an impact on longevity. There are a number of studies conducted for the purpose of investigating the effect of genes on longevity. For example, in a study performed by Lin et al., [37] it was observed that the longevity had increased by 35% in a Drosophila mutant referred to as methuselah (mth), the life span of which was increased and made resistant to various stressors.
In a similar study, it was determined that the mth gene of D. melanogaster, in the P element insertion breed, had increased longevity. However, it was also pointed out that the mth gene of wild species also had a life-shortening effect, which was due to the negative pleiotropic effect of the gene [38] . One of the factors affecting the life span is the population density. In the studies conducted to research into the effects of the population density in Drosophila, the effects of the larval density in particular on the length of life of the mature individuals were investigated. In the studies conducted, it was found that the larval density during the premature phase had made the mature individuals to emerge late and in small sizes and had also caused the small individuals to survive longer than the normal ones. Thus, it was reported that with the increase in the larval density, the body size of the mature ones decreased, while their life span increased [39] . In contrast to these studies, Graves and Mueller [40] stated that the increasing population density would reduce the life span through several mechanisms, such as the decrease in nutritional sources, diseases and changes in the physical environment.
To summarize the results obtained from the whole study; it was determined as the result of administering all the food additives to Drosophila melanogaster that these substances caused deviations in the length of life and percentage of survival of Drosophila melanogaster species. Since the Drosophila melanogaster culture was prepared under optimum conditions and great care was taken in carrying out the processes of both medium changes and the experimental practices, we can consider that such deviations observed in consequence may have resulted from the food additives we used during this process. These substances may have negatively affected the length of life or the genes or enzymes regarding development. Such effects may lead to changes in the population density peculiar to the species by affecting all the vital activities, the developmental characteristics of the living creature and the egg efficiency. Even though these substances may not show any adverse effects in the short term, they can still create toxic effects for the organism by accumulating within the living body in the long term uses. As was also stated by Paracelsus, ''All things are poisons, for there is nothing without poisonous qualities. It is only the dose which makes a thing poison".
